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(57) Abstract 

A cam follower mechanism, particularly for use with an internal combustion engine valve gear, has a cam follower 
(19) constrained towards contact with a cam (17) by a spring (30). A restraint (40) holds the spring in a partially loaded 
condition, whilst the cam follower lies adjacent a low (52) of the cam, the restraint being such that the spring is lifted clear 
thereof as the cam follower rides towards a high (54) of the cam. 
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CAM FO LLOWER MECHANISMS 

The present invention relates to cam follower mechanisms and in 
particular to such mechanisms as used in the operation of valves in 
machines such as reciprocating engines and compressors • 
5 A typical reciprocating internal combustion engine or com- 

pressor has at least one valve which is operated to allow fluid to 
enter and to exit from a cylinder. Most modern machines of this 
type have at least one separate inlet and outlet, each with its own 
valve, for each cylinder. Each valve is operated either directly or 

10 through an intermediary mechanism such as, for example, a rocker 
. assembly to open and close, according to a predetermined programme 
based on the design of a particular machine, by a cam mounted on a 
shaft geared to rotate in synchronism with a main drive (for an 
engine) or driven (for a compressor) shaft. 

15 -When a cam is activating a mechanism that part of the mechanism 

in contact with the cam, known as the cam follower, must be con- 
strairi3d to remain in contact with the cam. This is to ensure that 
the mechanism returns to the correct position after each cam opera- 
tion. The constraining force must also be sufficient to ensure that 

20 damaging intermittent contact does not occur between the cam and cam 
follower during a single operation. The presence of a constraining 
force increases friction effects and is a cause of wear. Also 
energy must be expended to overcome the friction. 

In the case of valve mechanisms for internal combustion engines 

25 and compressors the constraining force is conventionally supplied 
by a coil spring acting on each valve to return it to a closed 
position. With the nature of this type of spring the force exherted 
is proportionate to the compression of the spring and is greater, so 
causing the greatest frictional force between the cam and cam 

30 follower, when the valve is fully open. The contact between cam and 
cam follower is conventionally sliding contact. It has been found 
that the energy consumed in overcoming friction between cams and cam 
followers is significant when compared with the operating character- 
istics of the machine. 

35 According to the present invention a cam follower mechanism has 

a cam follower constrained towards contact with a cam by a spring 
and is characterised by a restraint holding the spring in a 



WO 87/00238 PCT/GB86/00382 

2 

partially loaded condition whilst the cam follower lies adjacent a 
low of the cam, the restraint being such that as the cam follower 
rides towards a high of the cam the spring is lifted clear of the 
restraint and a spring rate of the spring is reduced. 
5 In a preferred form of the invention the spring consists of a 

resilient member having a C-portion with two arms extending there- 
from and the restraint is a solid member which contacts the resi- 
lient member adjacent the (^section and which holds the spring in a 
partially loaded condition. 
10 One form of restraint is a generally C shaped flange extending 

from a plate. 

Alternatively the spring can be of cantilever or of leaf 

form. 

Advantageously the spring and restraint can be formed from 
15 Fibre Reinforced Plastic material to provide an arrangement having 
lower weight than similar arrangements formed from conventional 
metallic spring materials. 

Some embodiments of the invention- will now be described , by way 
of example only, with reference to the accompanying diagrammatic 
20 drawings, of which: 

Figure 1 is an elevation, in section, of a conventional valve 
arrangement for a reciprocating machine sue'i as an internal combus- 
tion engine or a compressor, 

Figure 2 is a graph illustrating the characteristics of a 
25 typical spring as used' in the arrangement o** **gMre 1 , 

Figure 3 is a side elevation, partly in section, of a valve 
arrangement according to one embodiment of the invention, with the 
valve closed, 

Figure 4 is an end elevation, in direction X of Figure 3, of a 
30 detail of the arrangement illustrated in Figure 3, 

Figure 5 is a side elevation of the embodiment of Figure 3 with 
the valve closed, 

Figure 6 is a graph illustrating the characteristics of the 
spring used in the embodiment of- the invention illustrated in 
35 Figures 3 to 5, and 

Figures 7 and 8 are side elevations of alternative springs for 
use in further embodiments of the invention. 
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A conventional valve arrangement for a machine in which recip- 
rocating movement is converted into rotary movement, or vice versa, 
is illustrated in Figure 1. A valve head 10 mounted at a first end 
11 of the valve stem 12 is slideable relative to a cylinder head 13 
5 and is constrained by a coil spring 14 acting between the cylinder 
head 13 and a spring attachment 15 secured to the valve stem 12 
towards a closed position in which the valve head 10 sealingly 
contacts a valve seat 16. 

A cam 17 mounted on a cam shaft 18 which is synchronously 

10 connected to a rotating part of the machine (not shown) acts against* 
a cam follower in the form of a second end 19 of the valve stem 12 
causing the valve head 10 to move into and out of contact with the 
valve seat 16. With the valve open and the valve head 10 and the 
valve seat 16 separated fluid is allowed to enter or leave the 

15 cylinder head 13 via a port 20. 

The coil spring 14 has a constant spring rate, as is shown in 
Figure 2 which is a graph of load W against spring displacement (one 
end relative to the other) d. Thus as the valve head 10 moves from 
a closed position C through a distance d, to a fully open position 0 

20 the load tending to close the valve increases by an amount As 
shown by Figure 2 there is a positive load on the valve stem 12 when 
the valve head 10 is in contact with the valve seat 16. This is to 
ensure that the cam follower (the second end 19 of the valve stem 
12) remains in contact throughout the valve operating cycle and also 

25 to ensure that the valve head 10 remains firmly in contact with the 
valve seat 16 when the valve is closed. When the valve is not being 
operated there is a gap between the cam 17 and cam follower 19. 
This allows the valve to close even if there is some wear in the 
valve head 10, valve seat 16 or both. 

30 In a valve mechanism including a cam follower mechanism accor- 

ding to the invention (Figures 3 to 5) the valve mechanism, cylinder 
head and cam are similar to those in the conventional arrangement as 
described above with reference to Figure 1. The coil spring 14 of 
the conventional mechanism is replaced by a spring illustrated 

35 generally at 30 which has a resilient member having a C-portion 3 
from which extend two arms 31 , 33 each having adjacent an end remote 
from the C-portion 20 a hole 34, 35 respectively through which 
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passes the valve stem 12. 

A restraint in the form of a solid member having a C shaped 
plate 40 from the curved extremity of which extends a flange 41, 
best seen in Figure 4, contacts the resilient member adjacent the 
5 C-section 30. The resilient member is thereby held in a partially 
loaded condition such that the arms 32, 33 are deflected from 
unloaded positions indicated by the dotted outlines at 32a, 33,a. 
The solid member is rotatably mounted on a pivot 42 secured to 
structure (not shown) which is fixed relative to the cylinder head 
10 13. 

One arm 33 of the resilient member bears against a stop 50 
which is mounted on structure (not shown) fixed relative to the 
cylinder head 13 whilst the other arm 34 bears against a stop 51 
secured to the valve stem 12. The arrangement is such that when the 

15 valve is closed and the *valve head 10 is seated in the valve seat 16 
the cam follower end 19 of the valve stem 12 lies adjacent a low 52 
of the cam 17 with a small gap 53 therebetween. 

In operation as the cam shaft 18 and cam 17 rotate the cam 
comes into contact with the cam follower 19 which starts to ride 

20 towards a high 54 of the cam 17, : -the high position being illustrated 
in Figure 5. Initially, the resilient member takes up the valve 
motion by deflection the arms 32, 33 between the flange 51 and an 
end 55 of the flange 41 and between the stop 50 and an end 56 of the 
flange 41 respectively. F.ie spring rate is therefore similar to 

25 that illustrated in Figure 2 tsnd, as illustrated in Figure 6 follows 
the line 6 (corresponding to the valve closed position) I. 

However a condition is reached (corresponding to point I in 
Figure 6) where the arms 32, 33 are deflected to an extent where the 
partial load is taken up and the resilient member over much of the C 

30 section moves away from the flange 41, as is clearly illustrated in 
Figure 5. The load is then applied over a greater resilient length 
and in accordance with the well-known characteristics of springs the 
spring rate is reduced. The spring trate as the valve moves from the 
position corresponding to point I in Figure 6 to the fully open 

35 position 0 is therefore less than it was for movement from C to I. 
After a given valve movement d^, equal to the valve movement d, of 
the conventional arrangement illustrated in Figure 1, the total 
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pressure W , between the cam follower 19 and cam 17 is less than 
that, W lt for the conventional arrangement. This can be clearly 
seen by comparing Figures 2 and 6. 

"In practice this reduction in pressure significantly reduces 
5 the power required to drive the cam mechanism against friction 
effects. 

It will be realised that by suitable shaping of the plate 40 
and flange 41 the resilient member can be adapted to move progres- 
sively out of restraining contact to provide a variable spring rate 

10 as illustrated by the dotted line in Figure 6. 

In an alternative embodiment of the invention (Figure 7) a 
cantilever spring 100 secured to structure 101 fixed relative to a 
cylinder head (not shown in this Figure) is constrained by a stop 12 
from an unloaded position lOOja. The spring acts against a flange 51 

15 and the operation is similar to that of the spring described above 
with reference to Figures 3 to 6, By using a series of stops 102 a 
variable spring rate can be obtained. 

Yet another embodiment of the invention (Figure 8) uses a leaf 
spring having a .number of leaves such as those shown at 110at, ^^0b f 

20 110c and 110d. Some or all of the shorter leaves are curved in 
their unloaded condition so holding a longest cantilever spring 110a 
in a loaded position. Again operation is similar to that described 
with reference to Figures 3 to 6, though it will be realised that 
this embodiment is particularly suitable for situations requiring a 

25 variable spring rate. 

It will be realised that, whilst the invention has been des- 
cribed with respect to valve mechanism wherein the cam acts on a cam 
follower which is one end of the valve stem, the invention is 
equally applicable to arrangements wherein the cam drives the valve 

30 by means of an intermediate mechanism. Intermediate mechanisms, 
such as those involving push rods and rocker arms, are well known to 
those skilled in the arts of, inter alia, internal combustion 
engines and compressors, and will not be described herein. 

It will also be realised that the invention is also suitable 

35 for other cam follower mechanisms, particularly such mechanisms in 
which the power required to overcome frictional effects is a sig- 
nificant proportion of an overall power consumption. 
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In the embodiments of the invention as described above with 
reference to Figures 3 to 5 the restraint can alternatively be a 
stiff C-shaped member corresponding to the flange 41 f or such a 
member with a stiffening -flange. As yet another alternative the 
5 C-shaped member can be replaced by a plurality of pegs. 

It will, of course be realised that the above described con- 
ventional valve arrangement as illustrated in Figure 1 and the 
embodiments of the invention as described with reference to Figures 
3 to 5, 7 and 8 are not intended as practical arrangements for 
10 actual use in an engine. As the invention is not concerned with 
valve arrangements as such the arrangements have been deliberately 
simplified to allow the description to concentrate on the invention. 
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CLAIMS 

What is claimed is 

1. A cam follower mechanism having a cam follower (19) constrained 
towards contact with a cam (17) by a spring (30) and characterised 
5 by a restraint (40) holding the spring in a partially loaded condi- 
tion whilst the cam follower lies adjacent a low (52) of the cam, 
the restraint being such that as the cam follower rides towards a 
high (54) of the cam the spring is lifted clear of the restraint and 
a spring rate of the spring is reduced. 
10 2. A cam follower as claimed in Claim 1 characterised in that the 
spring (30) consists of a resilient member having a C-portion (3D 
with two arms (32, 33) extending therefrom and the restraint (40) is 
a solid member which contacts the resilient member adjacent the 
C-section. 

15 3. A cam follower as claimed in Claim 2 characterised in that the 
restraint (40) is a C-shaped member. 

4. A cam follower as claimed in Claim 1 characterised in that the 
spring consists of a resilient member (100) in the form of a cantilever. 

5. A cam follower as claimed in Claim 1 characterised in that the 
20 spring consists of a resilient member (110) in the form of a leaf 

spring. 

6. A cam follower as claimed in any one of Claims 1 to 5 char- 
acterised in being formed at least in part from Fibre Reinforced 
Plastic material. 

25 7. A valve mechanism including a cam follower mechanism as claimed 
in any one of Claims 1 to 6. 
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